De Sitter Special Relativity: Effects on Cosmology 



R. Aldrovandi and J. G. Pereira 

Institute de Fi'sica Teorica, Sao Paulo State University, Rua Pamplona 145, 
01405-900 Sao Paulo, Brazil 



Abstract. The main consequences of de Sitter Special Relativity to the 
Standard Model of Physical Cosmology are examined. The cosmological constant 
A appears, in this theory, as a manifestation of the proper conformal current, 
which must be added to the usual energy-momentum density. As that conformal 
current itself vanishes in absence of sources, A is ultimately dependent on the 
matter content, and can in principle be calculated. A present-day value very close 
to that given by the crossed supernova/BBR data is obtained through simple and 
reasonable approximations. Also a primeval inflation of polynomial type is found, 
and the usual notion of comoving observer is slightly modified. 



PACS numbers: 03.30.+p; 04.20.Cv; 98.80.-k;98.80.Es 

1. Introduction 

Recent years have witnessed a growing interest in the possibility that Special Relativity 
may have to be modified at ultra-high energies pQ. Reasons have been advanced 
both from the theoretical and the experimental-observational points of view. On the 
theoretical side, suggestions in that direction come from the physics at the Planck 
scale, where a fundamental length parameter — the Planck length lp — naturally 
shows up. Since a length contracts under a Lorentz transformation, the Lorentz 
symmetry should be somehow broken at that scale [2]. On the experimental side, 
intimations come basically from the propagation of very-high energy photons. More 
precisely, ultra-high energy extragalactic gamma-ray flares seem to travel slower than 
lower-energy ones [3] . If this comes to be confirmed, it will constitute a clear violation 
of Special Relativity. 

A well-defined, theoretically self-contained alternative to usual Special Relativity 
is de Sitter Special Relativity, in which the Poincare group is replaced by the de Sitter 
group [3] as the group supervising kinematics [5] . This leads necessarily to changes in 
General Relativity, whose basic aspects have been examined previously [6l [7] . It has 
been shown, in particular, that the mentioned problem with gamma-ray flares can 
be solved. Our objective here is to reexamine the main implied modifications to the 
Standard Model of Physical Cosmology. 

Perhaps the main novelty is that on a general spacetime S we have to consider, 
instead of a tangent Minkowski space M. at each point p, an osculating de Sitter 
spacetime dS whose pseudo-radius I depends on the energy concentration around p. 

The usual source term in Einstein equations is the energy-momentum density 
tensor T M1/ , which is the symmetrized Noether current for invariance under translations 
onM. Notice that these "usual" translations define transitivity on Ai. We recall that, 
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in cartesian coordinates {x a } (a, b, c, ... = 0, 1, 2, 3) on M, the Lorentz metric is rj a b = 
diag(l, —1, —1, —1) and the generators of the Poincare group can be written 

Lab = 1]acX C P b - 1]bcX C P a ] L ai = P a = d a . (1) 

The de Sitter group generators can be realized with the same variables, as 

Lab = VacX c Pb~r)bcX c P a ; L ai = lP a - r 1 K a , (2) 

with 

K a ^(2r lac x c x b ~a 2 S b a )d b . (3) 

Quantity "Z" is a natural length parameter — the above mentioned de Sitter pseudo- 
radius, or horizon, and a 2 = i] ab x a x b ^ 

Space dS is conformally flat: the above coordinates can be used for it (as 
"stereographic" coordinates), provided attention is given to the modified metric, 

= n 2 (x) r)fj, v , with O(x) = - _ ■ ( 4 ) 

P a and K a are, respectively, the generators of usual translations (which define 
transitivity on M) and proper conformal transformations. Generators L ab refer to the 
Lorentz subgroup, whereas the remaining L a ± define transitivity on the dS spacctime. 
Contact between de Sitter and Poncare groups is made by defining [5] the "de Sitter 
translation generators" 

TTa = = Pa l^K,. (5) 

The Poincare Lie algebra comes from the Lie algebra of the de Sitter group by the 
Inomi-Wigner contraction I — ► oo [HI O HDJ- From the algebraic point of view, 
therefore, the change from Poincare to de Sitter is achieved by replacing ordinary 
translation generators P a by the de Sitter "translation" generators 7r a . The relative 
importance of usual translation and proper conformal generators in their contributions 
to 7r a is clearly determined by the value of I. 

The same contraction leads from a de Sitter spacctime to Minkowski space: 
dS — > M.. And here another, major difference between c?5-rclativity and ordinary 
.M-based relativity emerges: while M. is unique, dS is not. We have been talking 
about "de Sitter group" and "de Sitter space" , but it should be clear that there is an 
infinite number of such groups and spaces — one for each value of the horizon /. 

A de Sitter spacctime shares with Minkowski spacetime a rare, remarkable 
property: its Lorentzian bundle is itself a group: in the first case, the de Sitter group — 
a principal bundle with dS as base space and the Lorentz group as fiber; in the second 
case, the bundle is the Poincare group — with M. as base space and the Lorentz group 
again as typical fiber. An important result is that the Lorentz subgroup of the de Sitter 
group preserves 1 1 1 j one very special length, just the horizon /. In consequence, the 
mentioned problem at the Planck scale is solved provided, at ultra-high energies, the 
horizon I identifies itself to the Planck length lp — which, by the way, illustrates the 
necessary relationship between I and the energy density involved. 

\ The particular form of (|3jl leads to some cases of "euclideanization" : some expressions exhibit 
a positive-definite form r/+) = diag (1, 1, 1, 1) instead of metric 77. For instance, Kg = 2x°x k d^ + 
x a x b do (i,j,k,... = 1,2,3). Consequences will appear in the corresponding general-relativistic 
currents Hill 1400 . in which an euclideanization of the Riemann metric will turn up [sec 
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Given the Einstein equation 

R>™ - 1 R = 8^2 T ^ ) ( 6 ) 

Ai is a solution with T M „ = 0. Space can only be a solution with T^„ = if an extra 
cosmological term (— Ag^ v ) is added to the left-hand side, with forcibly A = 3l~ 2 . In 
other words, Einstein's equation establishes a relationship between the pseudo-radius 
I and the cosmological constant A. Minkowski space is a solution of 

W v - \R g» v = , (7) 

while de Sitter space is a solution of 

- \R = Ag^ = ^ g» v . (8) 

The standard procedure encompasses both cases in the Einstein equation with a 
cosmological term, 

RP" - \R gT - Ag^ = ^f- T^ v . (9) 

The left- and the right-hand sides are separately (covariantly) conserved quantitities. 

The source in the right-hand side of ^ is the symmetric energy momentum 
tensor density. Recall that the passage Ai — > S from Special to General Relativity 
is encapsulated in the minimal coupling prescription: the Lorentz metric rj of Ai is 
replaced by the Riemannian metric g of 5, and common derivatives are replaced by 
covariant derivatives defined by the Christofcll-Lcvi-Civita metric connection of g. In 
all these things Ai must now be replaced by dS. In particular, translations have now 
to be considered on dS, not on Ai. The source current is, in consequence, the Noether 
current [12] 

n^ = T^- pK„ v (10) 

for invariance under the translations §E§ on dS including, besides T^, the symmetric 
version of the canonical proper conformal current 

K^ v = (2g, lX zV - s 2 SP) T pv , (11) 

where now s 2 ~ g yw x^x v . Equation @ must then be modified to 



ROv - \R g» v - Ag» v = 



8tvG 



1 



T 



(12) 



with translations on dS replacing those on Ai. Absence of sources (T M1/ = 0) has no 
more Ai, but dS for solution. 

Comparison with equations ((7J) and ((HJ) suggests particular relationships between 
pairs of terms: the A-term and the K-tevm seem to have a special link, as they both 
vanish when I — ► 00. The -R-terms, as the T-term, remain untouched in this limit. We 
shall prefer to emphasize these relationships by rewriting the general equation in the 
form 

BT - \R <T = R$) - \R(T) <T - A«T = [T^ - K^] .(13) 

Only R^ V — \R gV" and T^ — ^K^ arc conserved quantities. Neither R^ — \R(t) 9^ v 
nor Ag^ v are separately conserved. This means, in particular, that A can now be 
point-dependent . 

It has been stressed in previous presentations of de Sitter Special relativity [U 
[SJ [TTJ [T3| that the fundamental concepts of Special Relativity should be reexamined. 
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Here, in a first approach, we shall retain most of the usual notions, such as those of 
energy density and pressure. Section [2] is an abstract of the Standard Cosmological 
Model with a cosmological constant. Section[3]describes the main modifications caused 
by the change in local kinematics, and examine three consequential issues: (i) the 
origin and value of the cosmological constant; (ii) primeval inflation and (iii) the 
notion of comoving observers. 



2. Standard Model: a pocket version 

The Standard Model supposes for the large-scale spacetime S the Friedmann- 
Lemaitre-Robertson- Walker (FLRW) interval [T3] 

ds 2 = g^dx^dx" = c 2 dt 2 - a 2 (t) + r 2 d& 2 + r 2 sin 2 dd(j) 2 ] . (14) 

It is convenient to take coordinate r dimcnsionless, as 9 and (f> — the scale parameter 
a(t) carrying the length dimension. The bracketed expression corresponds to the 
possible space sections T: a sphere S 3 (if k = +1), a hyperbolic hypcrsurfacc H 2 ' 1 (if 
k = — 1) or an euclidean space E 3 (if k = 0). The energy content of the universe is 
modeled by the energy-momentum of a perfect fluid [151 116) , 

T"" = (p + e) Wir-pd™, (15) 

where C/ M is the four-velocity on a streamline, e = pc 2 is the energy density and p is 
the pressure. A fluid is perfect if it is isotropic when looked at from a ( "comoving" ) 
frame carried along its streamlines, that is, along the local integral curves of the four- 
velocities U >1 . These four- velocities submit to equations reflecting the conservation of 
T» u (see Section [33]). 

Interval (|14[) incorporates two simplifying principles: the cosmological principle 
and the universal time principle. The first postulates that the space-section T 
is homogeneous and isotropic in the chosen coordinates. The second principle 
states [17l [18] that the topology of the four-dimensional manifold S is the direct 
product E 1 x T. 

Dynamics is governed by Einstein's equation with a cosmological term @. This 
equation determines, in principle, all acceptable spacetimes, or "universes" . As already 
said, Minkowski space [with metric r\ = diag (1, —1, —1, —1) = r\ a pdx a dx^ in cartesian 
coordinates, equivalent to Eq. fH]) with k = and a(t) = 1] is a solution when A and 
T^ v are zero. 

Once substituted into Einstein's equation, the metric shown in interval (|14[) leads 
to the Friedmann equations for the scale factor a (t): 

, . o kc 2 a 2 kc 2 Ac 2 8ttG ,„„, 

E(t) = H 2 + — = - + — = + e , (16) 
a z a z a z 6 6c z 

C(t) S ^ + H = f = ^-^( e + 3p). (17) 

Wc have profited to recall the Hubble function H(t) and to introduce functions E(t) 
and C(t). Let us further remember that present-day values are usually indicated 
by the index "0". Today's value of the Hubble function, for example, is the Hubble 
constant Ho. And the red-shift parameter z is defined by 1 + z = in terms of 
the scale parameter and its present-day value ao- The energy density e and pressure 
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p include those of usual matter, dark matter and radiation. It will be convenient to 
use for them the notations e m and p m and introduce the "dark energy density" 

Ac 4 

" - se ■ (18) 

The cosmological term is equivalent to a fluid with the "exotic" equation of state 
ca = — p\ = constant. It is a simplifying trick to insert e\ — — Pa — — \ (ea + 3 pa) 
and write £t,Pt for the total energy and pressure. Equations (|16[ I17p assume then 
the compact forms 

E(t) = & [e m + e A ] = e T , (19) 
C(t) = ^ [ eA - i (e m + 3p m )] = -^(e T + Spr) ■ (20) 

Function E(t) is a measure of the total energy. Function C(t) measures the scale 
parameter concavity in terms of coordinate time. The middle expression in (|20|) 
exhibits clearly the contrasting effects of a (positive) cosmological constant and matter: 
C < indicates slowing down expansion; C > 0, accelerated expansion. 

The Christoffcl symbols of metric (|T4")) can be all put together by using Kronecker 
deltas{§| 

pa _ r f c <5ga 2 g+<5° kr 

+r [S£a 2 Hr - 8? (l - fcr 2 )] (^ + <5 3m sin 2 (9) - c5£c5 3m sin 9 cos j 

+ (^^ + ^)(l-^){<5 O A^+(^ + (5 3 e ) ( 5 1A 1 : + ( 5^ 2A cot0}. (21) 

The Riemann tensor anti-symmetries in both the first and the second pairs of 
indices can be obscured by the metric factors necessary to raise and/or lower them. 
Specially simple are the components with two upper and two lower indices, R a ^ 
Again by using Kronecker deltas, we arrive at the expressions 

R at \, = £ (Sffi - 6%6S) [C (5 0l , + <V) + E (1 - <V - M] 
= h ( S X - 5 H 5 u) [(h 2 + H) [So, + So,} 

+ (H 2 + !g.)(l-5ov-5 0v )]. (22) 

The basic role of the Einstein equation is to give the gravitational field (that is, the 
Riemann tensor) in terms of the source characters. These Riemann tensor components 
depend on the scale parameter and its derivatives exactly through the expressions 
which appear in the Friedmann equations and can, consequently, be written directly 
in terms of the source contributions: Equations (fTOl [2"0|) lead immediately to 

= {6ffi - 5°5S) {e T - f (c T +p T ) {So, + S 0fl )} ■ (23) 

Such components depend, consequently, only on the time coordinate. The Ricci tensor, 
given by 

R a » = -ji % [C(l + 2So M ) + 2E(1 - Sop)] 

'u 2 + h)(1 + 2<5 0/ ,) + 2(H 2 + £) (1 - 8o M j\ , (24) 



c 2 M 



§ We assume the summation convention restricted to upper-lower contractions. Repeated lower- 
lower and upper-upper indices are not summed over. The usual relativistic (0, 1,2,3) notation will 
be extended to the indexing of matrix row and columns. 
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will constitute the matrix 








Pt — £t 



(25) 



whose trace is the scalar curvature 



R = - 4(£ + C) = -■ 



2H 2 + H 



From this equation comes a general "equation of state" 
homogeneous isotropic model: 

y 



Pt 



2AitG ' 

The general Einstein tensor, finally, will be 



(G%) = - \8°R) = 



= ^(3pt-£t) ■ (26) 
which must hold for any 

(27) 
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-Pt ) 



(28) 



This is simply an alternative version of Einstein's equation (|9|). 

The Friedmann equations acquire their most convenient form in terms of 
dimcnsionless variables, obtained by dividing them by the squared Hubble constant: 
define the parameters 

p m 8nGp m 



Pcrit 



3HI 
' 8ttG 

Ac 2 



A 



PA 

Pcrit 



Pcrit 

n„(t) 



KC 



Pn 



(29) 
(30) 



Parameter w is a frequently used convenience, here taken in its most general form: it 
can be e-dependent. Then, 

" 2 H 2 „ C 

~F2 = "A 



E 



H 2 



a 2 H 2 



m 



H 2 



= n A - 



1 + 3w 



Q m . (31) 



Equation (1311) leads, for present-day values, to the usual normalization of observed 
parameters, f?A + £l K o + £l m Q = E Observations (crossed supernova/BBR data) favor 
the values f2 K « 0, f^A ~ 3/4 and fi TO o ~ 1/4, the latter including all visible matter, 
radiation and dark matter. 



7 



Notation is still further simplified, and expressions put into closer contact with 
these measured quantities, if we define new objects as: 



D aP _ pct/3 -T>a _^ pet -r, _ _^ _ E> 

^iv jj2 M^' M 7j2 M' rr2 ' 



77 2 



and T% 



7T 2 



(32) 
(33) 



Equation (j2"51 ) becomes 



f n A + a m o o 

f^A — ^ 

o o n A - uj n r 

V o o o 



(34) 



Taking traces give now 

^ + 120 A = 3(3o;-l)O m = -7^. (35) 

We have transferred back the A contribution to the left hand side, leaving on the right 
only the trace of the matter energy-momentum. 



As a first step to obtain the modified Einstein equation, we move the dark-energy 

back to the left-hand side, getting 



3. The new paradigm 

As a first step to obtain 
term ([T8"|) from the right-hand side of Eq. 

(G"„ - A^) = ^ 

Use of Eqs. ([33|) . and of p m = uj e m for the equation of state leads then to 

(a^-3fi A <^) = 3 a 

















-Pm 



















V o 











(36) 



{ 1 








1 





— UJ 














— UJ 





V o 








-w ) 



(37) 



The conformal source term must now be added in the right-hand side. We arrive 
at the new fundamental equation 

^ IP,, , 



where 



IP,. 



(T) u 



(38) 
(39) 



is the Noether current for invariance under translations on a dc Sitter spacetime, 
modified by the minimal coupling prescription. Tensor v is the true spacetime Ricci 
tensor. Symbol R^ T s V is an artifact, tentatively separating the energy-momentum 
contribution from that of the conformal current. 

The conformal current pip will be, in stercographic coordinates, 



K» v = x x [x»T Xv + x v Txn] - s 2 T\ 



(40) 



It is again convenient to introduce, in a way analogous to Eqs. (|33|) . the modified 
current 

£"„ = K» v = x x [x^T Xu + x„T Xfl } - s 2 T^, (41) 

as well as its modified trace JC. We shall only need traces afterwards, and shall move 
to convenient coordinates. In comoving FLRW coordinates for re = 0, interval (fT4"|) 
reduces to 

ds 2 = c 2 dt 2 - a 2 (t) [dx 2 + dy 2 + dz 2 ] . (42) 
The trace is then 

K = 3 m [(1 - w)s| + Aujc 2 t 2 } (43) 
where the euclidcanized, positive version of the squared finite interval 



s 



c 2 t 2 +a 2 (t) [x 2 +y 2 + z 2 ] >0 (44) 

makes its appearance. We see that, for physically reasonable values of u), trace K, is 
always positive. 

Taking the trace of (|38[) leads to [now with notation d = a(t)r] 



A 



R (T ) 



2nG f (, , c 2 t 2 -d 2 \ / _o n _ 2<£ _ 2c?ii 1 
c 4 ^ I - 1 p I \tm °Pm) \i Prn p fc m f • 



Using the modified form of Eq.(|55|) in terms of the fi's will be 

^ (T) + fi A = \ O m [ C 1 -") 4 + 4"^ _ (i _ 3.)] . (45) 

The last term inside the bracket is the energy-momentum contribution, while the 
conformal current contribution is tagged by the I /I 2 factor. Notice a consonance of 
signs: for reasonable values of u> the "curvature" R(t) is, as the energy-momentum 
contribution, negative; the A term is positive, as is the conformal current contribution. 

3.1. The cosmological constant 

To obtain an ordcr-of-magnitudc estimate of the present-day value of A we are tempted 
to equal TZ(t) to the usual, T - driven term in (I45|) : 

fi {T ) =-3n ro (l-3w) > (46) 

and write 

■(l-Lu)s 2 E + 4:UJc 2 t 2 - 



P 

As at present dust (jp m « e m , or u> sa 0) dominates, 



(47) 



• s i' 



= \ n m . (48) 



Let us, then, proceed to a closer examination of the euclideanized interval 
For any realistic calculation[jj its expression 



•s 



„2 _ „2+2 
E 



C ¥*+a 2 (t)r 2 (49) 

presents a clear problem: a(t) is obtained, in each case, by an integration and includes 
an arbitrary integration constant. Term c 2 t 2 does not. Present-day value of ct can be 

| For all experimental/observational data we shall be using references [ 1191 1 and [ 1201 1. 
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taken as ct ps ps 9.26 x lO 27 /^ 1 cmw 13.2xl0 27 cm, corresponding to t « 13.8 x 10 9 
years. 

To fix the integration constant in a(t) we should know the "size" of the Universe 
at some value of time. Let us then obtain a particular rough estimate which has the 
advantage of letting clear where eventual errors can lie in wait. Take the recombination 
time as t r ps 3.8 x 10 5 years ps 1.19 x 10 13 sec. And suppose (first possible error, see 
below) the size at that time to be d r ps ct r ps 3.58 x 10 23 cm. The present day value 
do would then be given by a simple multiplication by the red-shif 1 + z ps 1100: 
do ~ 3.94 x 10 27 cm. This would be the Universe size, that is, the size of the 
domain contributing to the cosmological constant: do = I. If that is so, then 
ct ps « m I ps 3.36 1. This would give 

s% = c 2 t 2 + I 2 PS (3.36) 2 / 2 + I 2 ps 12.3 -! 2 . (50) 

Equation (|4"5)l would then give the value 

n A Ps3.07O m , (51) 

very close to that given by observations. Of course, il K o = would then lead to 
n m ps 1/4. 

A comment on the possible sources of error, (i) Assumption (|46p is, of course, 
rather arbitrary; nevertheless, the argument could be reversed: insertion of the 
observation values in the above formulae would lead to that condition; (ii) the 
value of d r seems overestimated: it has been taken as the distance free light would 
traverse up to recombination time; notice, however, that (iii) inflation has not been 
considered, which could enlarge initial lengths anyhow; (iv) passage from radiation- 
to dust-dominated eras is a continuous process; a more reliable value could come from 
numerical calculations, as the complete solution can only be written in terms of rather 
involved elliptic functions [21] . 

The important point is that, in the new paradigm, is no more a free parameter: 
it has a definite physical meaning as an effect of the conformal current, and is 
determined — like that same current — by the matter content. 



3.2. Primeval inflation 

A first approach to the problem of primordial inflation can be made under certain 
rough assumptions. One is that the primeval Universe is dominated by radiation, 
and that interactions (for instance, of particles produced by pair production) can be 
neglected so as to keep valid the equation of state p 1 = e 7 /3, or oj = 1/3. Within this 
model, Eq. ([45|) becomes 

1-7? +0 in 4 + 2c 2 t 2 t a 2 (t)r 2 + 3c 2 t 2 

A second hypothesis is that radiation, which by Eq. pT]) does not contribute to the 
usual curvature, here does not contribute to Ti-(T)i which consequently vanishes. 
Function f2 T , the part of tt m stemming from radiation, is given by 

7 = fi T o(l + zf = 2.46 x 10- 5 /i~ 2 (l + zf « 5. x 10~ 5 (1 + z) 4 .(53) 

On the other hand, in a radiation-dominated Universe, = O- 082 /^ 7 " y 7 ? S o 

that ^ ps 6.1 x 10~ 20 t and (1 + z) ss The term in cH 2 in 

n . a 2 (t)r 2 +3c 2 t 2 

Oa = |n T a (54) 
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is then easily obtained: 3c t 



2+2 



7.3X10 59 



. The term a 2 (t)r 2 presents the same difficulty 



discussed in the previous paragraph, and we resort to an analogous approach: we take 
do = d r = ct r , so that a 2 (t)r 2 sa n^va ■ Putting again a(t)r = I, we arrive at 

2 x 10 36N 



n A w 0.83 x 10" 5 (1 + z) 4 1 



2.13 x 10 



(l + z) 2 

1 1.25 x 10 17 
T 2 + 1 



Equality between the two terms takes place at t ~ 8. x 10 18 sec. As £1a 



A « 3.8 x 10" 



1.25 x 10 17 



We have thus a highly accelerated expansion for very small values of t. 



(55) 



(56) 



3.3. Comoving observers 

In standard General Relativity, comoving observers are fixed by energy-momentum 
conservation, which requires the vanishing of the covariant divergence of (|15p . That 
leads to [221123] 

(j) + e)V u U" = {sT -U»U v )d v p. (57) 

This means that the observer going along the streamlines is, in the general case, 
accelerated. Expression 

is a projector - what we have in the right-hand side is the projection, orthogonal to 
the four-velocity U, of the pressure spacetime gradient. Space homogeneity imposes 
dkP = 0, so that actually 

(p + e) VuU" = (g"° - U^U°) d a p . (59) 

The flux lines will be geodesies only for constant p. It is the case of a dust fluid, 
and of a dust fluid plus standard dark energy. For pure dark energy, no velocities 
appear in Tj?J\ — ea Z", which is automatically preserved. In this case Eq. tfBT)) gives 
no information at all: both of its sides vanish. 

The matrix in Eq. (|28|) is just the energy-momentum of an isotropic fluid, as seen 
by an observer attached to a frame going along its flux lines with four-velocity U. 
FLRW coordinates arc appropriate just for such observers, which will see the metric 
in the form of Eq. (fHf| . 

In the new paradigm, the comoving observers are no more those given by Eqs.(|57j) 
or (|59|) . They must now be consistent with Eq. (|38|) . whose right-hand side must have 
vanishing covariant divergence. The result is 

1 (e + ppuU^-P^d^p 



S' 
V2 M 



P V a (s 2 ) + V" [2ex v x„ - (p + e)x p x x pP{5^X + W)} 



which is the same as 



(p + e)V t/ C7 A4 - P°d<yp = - -j (e + p)s 2 V u U fi 



-P° 



>;v v { [2e8 x J? - (e+p)P p g (8^ + 5ffij\ x p x x ) 



(60) 
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We have made repeated use of projector (|58p . This expression maintains the or- 
thogonal velocity-acceleration property, and reduces to Eq. ([57]) when I — ► oo. In the 
new paradigm, FLRW coordinates are appropriate just for observers satisfying Eq. (|60l) . 



4. Final comments 

Physical Cosmology is perhaps the boldest enterprise of Physical Science — trying to 
describe the far out Universe with the laws it has found around the Earth. It has only 
recently become a phenomenology, and it is not surprising that some of its results are 
baffling. The very presence of a cosmological constant is bewildering enough. It is 
surely desirable that an explanation for it be found within the scheme of local Physics, 
however modified. We have seen that this may be the case, provided local kinematics 
is described by de Sitter Relativity instead of ordinary Poincare Relativity. 

Progress in Physics has been achieved through the use of a succession of 
correspondence principles. Special Relativity has for General Relativity the role 
classical physics has for quantum physics. Any change in the first will find its echos 
in the second. The local kinematics of Special Relativity underpins that of General 
Relativity Changing from Poincare to de Sitter local kinematics impinges heavily on 
the more general kinematics. 

We think of General Relativity as the dynamics of the gravitational field. In this 
sense, we can look at the presence of local "cosmological constants" as a dynamical 
effect. Actually, gravitation is the only interaction which complies to Hertz's program 
of reducing dynamics to kinematics. It changes spacetime itself, it redefines its 
kinematics. The other fundamental interactions exhibit no such character — they 
are, in this sense, more essentially dynamical. On the other hand, they are described 
within the gauge paradigm, which is more receptive to conformal symmetry. Einstein's 
sourceless equation is not conformally invariant, while the Yang-Mills equation is. It 
may well be that the passage from Poincare to de Sitter relativities — encapsulated in 
the addition of the proper conformal transformations to usual translations — have far 
less traumatic consequences for electromagnetic, strong and weak interactions than it 
has for gravitation. 
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